We consider the question of averaging on a graph that has one sparse cut separating two subgraphs that are internally well connected. We exhibit a decentralized algorithm for such graphs that uses updates involving negative weights and has an averaging time that can be significantly shorter than the averaging time of known distributed averaging algorithms.
INTRODUCTION
Consider a Graph G = (V, E), where i.i.d Poisson clocks with rate 1 are associated with each edge. We represent the "true" real valued time by T . Each node vi holds a value x i (T ) at time T . Let the average value held by the nodes be x av . Every time an edge e = (v, w) ticks, it updates the values of vertices adjacent to it on the basis of present and past values of v, w and their immediate neighbors according to some algorithm . Let the values held by the nodes by
T . We study distributed averaging algorithms which result in lim T →∞ X(T ) = x av 1, where x av is invariant under the passage of time. and show that in some cases there is an exponential speed-up in n if one allows the use of non-convex updates, as opposed to only convex ones. Let
Let a connected graph G = (V, E) have a partition into connected graphs G 1 = (V 1 , E 1 ), and G 2 = (V 2 , E 2 ). Specifically, every vertex in V is either in V1 or V2, and every edge in E belongs to either E1 or to E2, or to the set of edges E12 that have one endpoint in V 1 and one in V 2 . Let |V 1 | = n 1 , |V 2 | = n 2 where without loss of generality, n 1 ≤ n 2 and |V | = n. Let T van (G 1 ) and T van (G 2 ) be the averaging times of the "vanilla" algorithm that replaces at the clock tick of an edge e the values of the endpoints of e by the arithmetic mean of the two, applied to G 1 and G 2 respectively. Let C denote the set of algorithms that use only convex updates of the form xi(t
. where α ∈ [0, 1] and α + β = 1. These updates have been extensively studied.
Theorem 1
The averaging time of any distributed algorithm in C is Ω(
Note that in the case where G 1 and G 2 are sufficiently well connected internally but poorly connected to each other, A outperforms any algorithm in C. In fact for the graph G obtained by joining two complete graphs G 1 , G 2 each having n 2 vertices by a single edge, Ω( 
Algorithm
-If k ≡ −1mod( C(T van (G 1 ) + T van (G 2 )) ln n ) make no update.
• If the edge e is (vi, vj) ∈ E12
• If e ∈ E 12 \ {e c } make no update.
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